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(57) Abstract: A process for making water-soluble phosphonooxymethyl ethers of hindered alcohol and phenol containing phar- 
maceuticals, such as camplothecin, propofol, etoposide, Vitamin E and Cyclosporin A. In particular, the process for preparing wa- 
ter-soluble phosphonooxymethyl derivatives comprises the steps of Formula (i) and Formula (ii); R-OH represents an alcohol- or 
phenol-containing drug, n represents an integer of I or 2, R ! is hydrogen, an alkali metal ion, or a pharmaceutic ally acceptable cation, 
and R 2 is hydrogen, an alkali metal ion, or a pharmaceutical ly acceptable cation. 
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PROCESS FOR PREPARING WATER-SOLUBLE PHOSPHONOOXYMETHYL 
DERIVATIVES OF ALCOHOL AND PHENOL 

[01] This application claims priority to U.S. Provisional Application 60/341,867 filed 
December 21, 2001, which is hereby incorporated by reference in its entirety. 

FIELD OF THE INVENTION 

[02] The present invention relates to a novel process for preparing water-soluble prodrugs 
of aromatic hindered hydroxyl group containing pharmaceuticals. Particularly, the 
present invention concerns a process for making water-soluble phosphonooxymethyl 
ethers of hindered alcohol and phenol containing pharmaceuticals, such as 
camptothecin, propofol, etoposide, Vitamin E and Cyclosporin A. 

BACKGROUND OF THE INVENTION 

[03] The successful delivery of a pharmaceutical to a patient is of critical importance in the 
treatment of disorders. However, the use of many clinical drugs with known 
properties is limited by their very low water solubility. As a result of low water 
solubility these drugs must be formulated in co-solvent pharmaceutical vehicles, 
including surfactants. These surfactants have been shown to lead to severe side effects 
in humans that limit the clinical safety of these drugs and therefore the treatment of 
several disorders. 

[04] For example, camptothecin is a natural product isolated from barks of the Chinese 
camptotheca tree, Camptotheca accuminata. It has been shown to have strong anti- 
tumor activity in several in vivo animal models including major tumor types such as 
lung, breast, ovary, pancreas, colon and stomach cancer and malignant melanoma. 
The serious drawback of camptothecin is its very limited water solubility. For 
biological studies it is necessary to dissolve the compound in a strong organic solvent 
(DMSO) or to formulate the drug as a suspension in Tween 80:saline, which is an 
undesirable drug formulation for human therapy. Recently two analogs of 
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camptothecin with moderate water solubility have been approved in United States for 
treatment of advanced ovarian cancer (Hycamtin) and colorectal cancer (Camptosar). 

[05] Other drugs, like camptothecin, that have similar problems are cyclosporin A (CsA), 
propofol, etoposide and Vitamin E (alpha-tocopherol). Like camptothecin, CsA has 
within its structure a sterically hindered alcohol, a secondary alcohol in this case. CsA 
is formulated in a CremophorEL/ethanol mixture. 

[06] An example of a sterically hindered, poorly water-soluble phenol is propofol, an 
anesthetic. Propofol is formulated for i.v. clinical use as a o/w emulsion. Not only is 
propofol poorly water soluble, but it also causes pain at the site of injection. The pain 
must be ameliorated such as with lidocaine. Moreover, because the Propofol is 
formulated as an emulsion, . it is difficult and questionable to add other drugs to the 
formulation and physical changes to the formulation such as an increase in oil droplet 
size can lead to lung embolisms, etc. 

[07] U.S. Patent 6,204,257 describes a water-soluble form of alcohol and phenol 
containing drugs such as camptothecin and propofol. With respect to camptothecin, 
compounds are phosphonooxymethyl ethers of camptothecin in the form of the free 
acid and pharmaceutically acceptable salts thereof. The water solubility of the acid 
and the salts facilitates preparation of pharmaceutical formulations. 

[08] However, the methods of making the water-soluble form of alcohol and phenol 
containing drugs described in U.S. Patent 6,204,257 are complicated and utilize 
expensive and carcinogenic reagents. For instance, the synthesis of O- 
phosphonooxymethylpropofol requires 6 steps as summarized in the reaction scheme 
below. 
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[09] It is desirable to have a process that is shorter and does not use carcinogenic or 
expensive reagents. 
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BRIEF SUMMARY OF THE INVENTION 

[10] The present invention relates to a new process of preparing water-soluble 
phosphonooxymethyl derivatives of alcohol- and phenol-containing drugs, in 
particular phosphono-O-methyl 2,6-diisopropylphenol disodium salt 

[11] The present invention is particularly directed to preparing water-soluble 
phosphonooxymethyl derivatives comprising the steps of: 



First Step 



Second Step 




[12] wherein R— OH represents an alcohol- or phenol^ontaining drug, n represents an 
integer of 1 or 2, R 1 is hydrogen, an alkali metal ion, or a pharmaceutically acceptable 
cation, and R 2 is hydrogen, an alkali metal ion, or a pharmaceutically acceptable 
cation. 

[13] In a preferred embodiment, 2,6-diisopropylphenol is reacted with 
bromochloromethane to produce O-chloromethyl-diisopropylphenol. 




The O-chloromethyl-diisopropylphenoI is reacted with phosphoric acid to produce 
phosphono-O-methyl 2,6-diisopropylphenol disodium salt 
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DETAILED DESCRIPTION OF THE INVENTION - 

[14] The present invention relates to a new process of preparing water-soluble 
phosphonooxymethyl derivatives of alcohol- and phenol-containing drug, in particular 
phosphono-O-methyl 2,6-diisopropylphenol disodium salt Such 
phosphonooxynethyl derivatives are described in U.S. Patent 6,204,257, which is 
hereby incorporated by reference in its entirety. The process of the present invention 
requires only two steps and does not require the carcinogenic and expensive raw 
materials of the prior art processes. Moreover, chromatography is not required. The 
process results in high product yields of product of up to 85%, typically about 40 to 
85%. 

[15] The invention described herein involves a new process for preparing water soluble 
phosphonooxymethyl derivatives of alcohol and phenol containing pharmaceuticals 
represented by formula I: 

O 



I 




[16] Formula I is the derivative of ROH, wherein ROH represents an alcohol- or phenol- 
containing drug, such as camptothecin, propofol, etoposide, vitamin E and 
cyclosporin A. ROH is preferably a phenol-containing pharmaceutical, such as 
propofol. Also included are some drugs for which injectable forms are not possible 
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due to their inherent poor water solubility. These include, but are not limited to, 
danazol, methyltestosterone, iodoquinol, atovaquone, and fluconale. 

[17] The term n represents an integer of 1 or 2, preferably 1. R 1 is hydrogen or an alkali 
metal ion including sodium, potassium or lithium or a protonated amine or protonated 
amino acid or any other pharmaceutically acceptable cation. R is hydrogen or an 
alkali metal ion including sodium, potassium or lithium or a protonated amine or a 
protonated amino acid or any other pharmaceutically acceptable cation. 

[18] The derivatives according to formula I can be prepared in accordance with the 
following reaction scheme: 

a 



First Step 




Second Step 




wherein R— OH represents an alcohol- or phenol-containing drug, n represents an 
integer of 1 or 2, R 1 is hydrogen, an alkali metal ion, or a pharmaceutically acceptable 
cation, and R 2 is hydrogen, an alkali metal ion, or a pharmaceutically acceptable 
cation. 

[19] In a first step R-OH is reacted with a large excess of bromochloromethane in the 
presence of a base and tetrahydrofuran (THF). The resulting product is then reacted 
with an excess of phosphoric acid and a base in a suitable solvent. 

[20] An example of the above scheme can be illustrated using 2,6-diisopropylphenol as a 
starting material. In the first step, 2,6-diisopropylphenol is reacted with 
bromochloromethane to produce O-chloromethyl-diisopropylphenoL 
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[21] In the second step, the O-chloromethyl-diisopropylphenol is reacted with phosphoric 
acid to produce phosphono-O-methyl 2,6-diisopropylphenol disodium salt. 



o 
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[22] More specifically, in the first step, 2,6-diisopropylphenol is reacted with a large molar 
excess of bromochloromethane in the presence of a base and a suitable solvent, 
preferably tetrahydroruran (THF), to yield 0-cMoromethyl-2,6-diisopropylphenol. 
The reaction temperature may be about 20°C to about 100 °C, preferably about 25°C 
to about 65°C. 

[23] The base is preferably an alkali metal hydroxide or alkali metal hydride. Suitable 
alkali metal hydroxides and hydrides include, but are not limited to, sodium hydride 
and sodium hydroxide. 

[24] The amount of base is at least about 1.5 moles of base to 1 mole 2,6- 
diisopropylphenol. The amount of bromochloromethane is at least about 10 moles, 
preferably about 10 to about 30 moles, of bromochloromethane to 1 mole 2,6- 
diisopropylphenol. It is contemplated that bromochloromethane may be substituted 
with iodochloromethane. 

[25] THF may be substituted with other appropriate solvents such as non-protic oxygen 
containing solvents with strong dissolution power such as glycol ethers. 
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[26] In a second step, the 0-chloromethyl-2 5 6-diisopropylphenol is reacted with a molar 
excess of phosphoric acid and a base in a suitable solvent At least about 3, preferably 
about 3 to about 10, typically about 6, moles of phosphoric acid and base are 
combined with 1 mole of 0-cMoromethyl-2,6-aiisopropylphenoL The reaction 
^ temperature is below 10CTC, typically about 25°C to about 80°C. 

[27] Suitable solvents include polar aprotic solvents such as acetonitrile, 
dimethylformamide (DMF), dimethylsulfoxide (DMSO), or N-methylpyrrolidone 
(NMP). The solvent should be capable of solubilizing the triethylammonium salt of 
the product. The base is preferably an aUcylamine or pyridine or a substituted 
pyridine derivative. More preferably, the base is triethylamine 

[28] The solvent is then removed and the residue is dissolved in water and acidified with, 
for example HC1, to a pH of about I to about 2, preferably about L5. The product in 
its free acid form is extracted into MTBE. 

[29] The solvent is then removed such as in vacuo. The residue is dissolved in water, the 
pH is adjusted to about 8 to about 11.5 with a suitable reagent, for example NaOH, 
and the solution is extracted with a suitable solvent such as toluene. The solution may 
then be concentrated. Isopropanol or other suitable solvent may be added and then 
the product precipitated or recrystallized. Suitable solvents include polar, water 
miscible organic solvents such as acetone, acetonitrile, an alcohol, THF, or dioxane to 
yield phosphono-O-methyl 2,6-diisopropylphenol disodium salt 

[30] Example 1 

[31] Step 1: A four-necked 500 mL round bottom flask was equipped with a mechanical 
stirrer, nitrogen inlet, condenser and thermometer. It was charged with 17.8 grams 
(0.10 moles) of 2,6-diisopropylphenol, 200 mL of THF, 8.0 grams (0.20 mole) of 
sodium hydroxide pellets, and 387 grams (3.0 moles, 194 mL) of 
bromochloromethane. The reaction mixture was heated to 64°C and held for 2-3 
hours until no more 2,6-diisopropylphenol was present as measured by GC. After 
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cooling to 25°C, the suspension was filtered and the filter cake was washed with THF. 
The THF was removed by rotary evaporation and the resultant oil was distilled under 
vacuum (0-1 torr, b.p =80°C) to give 16.9 grams (0.074 moles, 75% yield) of O- 
chloromethyl 2,6-diisopropyl phenol. 

(32] Step 2: A four-necked 1 L round bottom flask, fitted with a temperature controlling 
thermocouple, was placed in a heating mantle. The flask was charged with 300 mL 
acetonitrile followed by triethylamine (48.7 mL, 0.349 mol) and 85% phosphoric acid 
(18.7 mL, 0.318 mol). O-chloromethyl 2,6-diisopropylphenol (12 g, 0.0529 mol) was 
then added and the reaction solution was heated to 65°C for 2 h. The reaction was 
deemed to be complete by the disappearance of starting material as determined by 
TLC and HPLC. The solution was allowed to cool and the mixture was concentrated 
under reduced pressure. The residue was dissolved in 500 mL water and acidified 
with 8N HC1 to pH = 1.5. This solution was extracted three times with 500 mL 
MTBE. The combined organic extracts were washed once with brine and the organic 
layer was filtered through celite. To the residue was added 60 mL water and 20% 
NaOH solution was added to pH = 8.6. This solution was washed twice with 50 mL 
toluene. The aqueous solution was concentrated under reduced pressure to half of the 
original volume, and 315 mL of isopropanol was added. The mixture was heated to 
70°C to dissolve the product then was cooled to 0°C. The white solid that crystallized 
was isolated by suction filtration, washed one time with 45 mL of isopropanol and 
was dried in the vacuum oven (30 inches Hg, 45°C) for 48 hours to give 13.1 grams 
(0.039 moles, 75% yield) of a white solid. 

[33] Example 2 

[34] Step 1: 2,6-Diisopropylphenol (20 kg, FW (formula weight) = 178, 112 mol, 1 
equiv.) is reacted with bromochloromethane (347 kg, FW = 129, 2,682 mol, 24 
equiv.) and sodium hydroxide (11 kg, FW = 40, 280 mol, 2.5 equiv.) in 
tetrahydrofuran (108 kg, FW = 72, 1,498 mol, 13,3 equiv.) at reflux for approximately 
1.5 hours. After cooling to 20 °C, the reaction mixture is quenched with water (87 
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kg). The organic layer is collected and washed with 15% sodium chloride aqueous 
solution (78 kg) twice. The organic layer is collected again after the layer separation, 
and the solvents are distilled from the organic layer to afford a crude oil. The crude 
oil is distilled by simple distillation to yield a purified chloromethyl(2,6- 
diisopropylphenyl)ether (FW = 227) as a light yellow oil. 

[35] Step 2: Chloromethyl(2,6-diisopropylphenyl)ether (20 kg, FW = 227, 88.20 mol, 1 
equiv.) is reacted with phosphoric acid (81 kg, 85 %, FW = 98, 705 mol, 8 equiv.) and 
triethylamine (89 kg, FW = 101, 883 mol, 10 equiv.) in acetonitrile (200 kg, FW - 41, 
4,872 mol, 55 equiv.) at approximately 75 °C for 3 hours. The reaction mixture is 
cooled and concentrated under vacuum. The resulting slurry is dissolved in water. 
The pH of the mixture is adjusted to 1.5 with concentrated hydrochloric acid. The 
acidified mixture is extracted twice with toluene. The two organic extracts are 
combined and washed with water once. The organic solution is concentrated under 
vacuum. The resulting oil is mixed with purified water, USP. The pH of the mixture 
is adjusted to 1 1 with 50 % sodium hydroxide aqueous solution. The aqueous mixture 
is washed with toluene twice. The aqueous mixture is then partially concentrated 
under vacuum to about 40 to 50 % of the original volume. Isopropyl alcohol (525 kg) 
is added to the concentrated aqueous solution at 70 °C, then cooled to 0 °C to 
crystallize the product. The solid is collected by filtration and dried under vacuum to 
afford phosphono-O-methyl 2,6-diisopropylphenol disodium salt (Ci3Hi9Na 2 0 5 P, FW 
= 332) 

[36] Example 3 

[37] Step 1 : A four-necked 500 mL round bottom flask was equipped with a mechanical 
stirrer, nitrogen inlet, condenser and thermometer. It was charged with 8.9 grams 
(0.05 moles) of 2,6-diisopropylphenol, 100 mL of THF and 4.0 grams (0.10 mole) of 
sodium hydroxide pellets. The resultant green suspension was heated to 60-65°C and 
held for one hour. The reaction mixture was cooled to 30°C and 100 mL (199 grams, 
1.54 moles) bromochloromethane was added and heating was resumed. The reaction 
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mixture was held at 64°C for 2-3 hours until no more 2,6-diisopropylphenol was 
present as measured by GC. After cooling to 25°C, the suspension was filtered 
through Celite and the filter cake was washed with THF. The THF was removed by 
rotary evaporation and the resultant oil was distilled under vacuum (0-1 torr, 
b.p =80°C) to give 9.6 grams (0.042 moles, 85% yield) of O-chloromethyl 2,6- 
diisopropyl phenol. 

[38] Step 2: A four-necked 1 L round bottom flask, fitted with a temperature controlling 
thennocouple, was placed in a heating mantle. The flask was charged with 300 mL 
acetonitrile followed by triethylamine (48.7 mL, 0.349 mol) and 85% phosphoric acid 
(1 S.7 mL, 0.318 mol). O-chloromethyl 2,6-diisopropylphenol (12 g, 0.0529 mol) was 
then added and the reaction solution was heated to 65°C for 2 h. The reaction was 
deemed to be complete by the disappearance of starting material as determined by 
TLC and HPLC. The solution was allowed to cool and the mixture was concentrated 
under reduced pressure. The residue was dissolved in 500 mL water and acidified 
with 8N HC1 to pH = 1.5. This solution was extracted three times with 500 mL 
MTBE. The combined organic extracts were washed once with brine and the organic 
layer was filtered through celite. One equivalent of TEA was added and the solution 
was concentrated under reduced pressure. To the residue was added 60 mL water and 
20% NaOH solution was added to pH = 8.6. This solution was washed twice with 50 
mL toluene. The aqueous solution was concentrated under reduced pressure. Water 
(30 ml) was added and the solution was cooled in an ice bath. Acetone (300mL) was 
added dropwise. The resulting mixture was cooled in the refrigerator overnight. The 
mixture was then cooled in an ice bath for 1 hour, then the solids were filtered. The 
white solid was dried in the vacuum oven (30 inches Hg, 45°C) for 48 hours to give 
7.50 grams (0.023 moles, 43% yield) of a white solid. 

[39] Example 4 

[40] 2,6-diisopropylphenol was treated with with bromochloromethane in the presence of 
sodium hydroxide and THF to give an 85% yield of O-chloromethyl-2,6- 
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diisopropylphenol, which was purified by vacuum distillation. Treatment of O- 
chloromethyl-2,6-diisopropylphenol with phosphoric acid and triethylarnine in 
acetonitrile followed by solvent removal, dissolution in methanol, pH adjustment and 
precipitation with acetone gave an 85% yield of phosphono-O-methyl 2,6- 
diisopropylphenol disodium salt. 

[41] While the invention has been described with respect to specific examples including 
presently preferred modes of carrying out the invention, those skilled in the art will 
appreciate that there are numerous variations and permutations of the above described 
systems and techniques that fall within the spirit and scope of the invention. 
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We Claim: 

1 . A process for preparing water-soluble phosphonooxymethyl derivatives comprising 
the steps of: 



First Step 



Second Step 




wherein R-OH represents an alcohol : or phenol-containing drug, n represents an integer of 1 
or 2, R 1 is hydrogen, an alkali metal ion, or a pharmaceutical^ acceptable cation, and R 2 is 
hydrogen, an alkali metal ion, or a pharmaceutically acceptable cation. 

2. The process of claim 1 wherein R— OH represents camptothecin, propofol, etoposide, 
vitamin E, or cyclosporin A. 

3. The process of claim 1 wherein n is 1. 

4. The process of claim 1 wherein R 1 and R 2 are independently selected from the group 
consisting of hydrogen, sodium, potassium, lithium, a protonated amine, and a protonated 
amino acid. 

5. The process of claim 1 wherein in the first step, R— OH is reacted with a molar excess 
of bromochloromethane in the presence of a base and a suitable solvent. 

6. The process of claim 1 wherein in the first step, R— OH is reacted with a molar excess 
of iodochloromethane in the presence of a base and a suitable solvent 
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7. The process of claim 5 wherein the base is an alkali metal hydroxide or alkali metal 
hydride. 

8. The process of claim 7 wherein the base is sodium hydroxide or sodium hydride. 

9. The process of claim 5 wherein the solvent is an aprotic or a non-protic oxygen 
containing solvent. 

10. The process of claim 9 wherein the solvent is tetrahydrofuran. 

1 1 . The process of claim 5 wherein at least about 1 .5 moles of base is present for every 1 
mole of R— OH. 

12. The process . of claim 5 wherein at least about 10 moles of bromochloromethane is 
present for every one mole of R— OH. 

13. The process of claim 12 wherein about 10 to about 30 moles of bromochloromethane 
is present for every one mole of 2,6-diisopropylphenol. 

14. The process of claim 1 wherein R— OH is 2,6-diisopropylphenol. 

15. The process of claim 1 wherein the reaction temperature in the first step is about 25°C 
to about 65°C. 

16. The process of claim 1 wherein in the second step, the R— O-CH2CI is reacted with a 
molar excess of phosphoric acid and a base in a suitable polar aprotic solvent. 

17. The process of claim 16 wherein at least about 3 moles of phosphoric acid are 
combined with 1 mole of R— OCH 2 Cl. 
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1 8 . The process of claim 1 7 wherein about 3 to about 1 0 moles of phosphoric acid is 
present per mole of R— O-CH2CI. 

19. The process of claim 1 wherein the reaction temperature in the second step is below 



20. The process of claim 1 9 wherein the reaction temperature is about 25°C to about 



21 . The process of claim 16 wherein the polar aprotic solvent is selected from the group 
consisting of acetonitrile, dimethylformamide, dimethylsulfoxide, or N-methylpyrrolidone. 

22. The process of claim 1 6 wherein the base is an alkylamine or pyridine or a substituted 
pyridine derivative. 

23. The process of claim 22 wherein the base is triethylamine. 

24. The process of claim 1 wherein the pH of the second step is initially maintained at 
about 1 to about 2, and then adjusted to about 8 to about 1 1.5. 

25. A process for preparing water-soluble phosphonooxymethyl derivatives comprising 



reacting 2,6-diisopropylphenoI with bromochloromethane to produce O-chloromethyl- 
diisopropylphenol: 



100°C, 



80°C 




then reacting the O-chloromethyl-diisopropylphenol with phosphoric acid to produce 
phosphono-O-methyl 2,6-diisopropylphenol disodium salt 
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